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We report experimental evidence of surface dominated transport in single 
crystalline nanoflake devices of topological insulator Bi1.5Sb0.5Te1.8Se1.2. The 
resistivity measurements show dramatic difference between the nanoflake devices and 
bulk single crystal. The resistivity and Hall analysis based on a two-channel model 
indicates that ~99% surface transport contribution can be realized in 200 nm thick 
BSTS nanoflake devices. Using standard bottom gate with SiO2 as a dielectric layer, 
pronounced ambipolar electric field effect was observed in devices fabricated with 
flakes of 100 - 200 nm thick. Moreover, angle-dependent magneto-resistances of a 
nanoflake device with thickness of 596 nm are fitted to a universal curve for the 
perpendicular component of the applied magnetic field. The value of phase coherence 
length obtained from 2D weak antilocalization fitting further confirmed the surface 
dominated transport. Our results open a path for realization of novel electric and 
spintronic devices based on the topological helical surface states.  
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Topological insulators (TIs) are gapped bulk insulators with gapless Dirac surface 
states1-4. The surface states of these topological insulators are spin polarized and 
protected by time-reversal symmetry. A number of surface spectroscopy 
measurements, such as spin and angle-resolved photoemission spectroscopy 
(ARPES)5-13 and scanning tunneling microscopy14,15, have been used to detect the 
topologically nontrivial surface state in three-dimensional topological insulator 
Bi1-xSbx, Bi2Se3, Bi2Te3, etc. The exotic surface states of topological insulators are 
expected to form a playground of various topological quantum effects and show great 
potential in spintronics and quantum computation16-18. To fulfill the expectations, 
realizing topological insulator systems with significant surface transport is essential. 
However, due to the defects or impurities in the samples, it is extremely difficult to 
eliminate the bulk contribution to electron transport19-24. Realizing surface dominated 
transport in current topological insulator systems is still a challenge despite extensive 
efforts involving chemical doping22, 33-39, thin film or nanostructure fabricating25-32 
and electrical gating21, 26, 32. 
In this letter, we present strong evidences for surface dominated transport in 
nanoflake devices fabricated with several-hundred nanometer thick topological 
insulator Bi1.5Sb0.5Te1.8Se1.2 (BSTS). We performed electron transport measurements 
of both bulk single crystals and nanoflake devices of high quality single crystalline 
BSTS. Nanoflake devices shows a transition from semiconductor to metal near 100 - 
150 K with decreasing temperature, while the bulk crystal shows semiconductor 
behavior in the measured temperature range from 300 K to 10 K and only present 
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resistance saturation at very low temperature (< 40 K). At 10 K, the resistivity of the 
nanoflake devices decreases with the sample thickness and can get to hundred times 
smaller than that of the bulk single crystal. Bottom-gated devices fabricated with 150 
- 200 nm thick BSTS nanoflakes show pronounced ambipolar electric field effect, 
which demonstrates significant topological surface transport. It was also found that 
the angle-dependent magneto-resistances  of a 596 nm thickness nanoflake devices 
are fitted to a universal curve for the perpendicular component of an applied magnetic 
field. The phase coherence length obtained from a two-dimensional weak 
antilocalization fitting is much smaller than the sample thickness (596 nm), which 
clearly proves the 2D surface transport in the device. The temperature evolution of 
phase coherence length follows T-0.47. All the experimental results suggest that surface 
dominated transport has been realized in several-hundred nanometer thick BSTS 
devices. 
All the transport measurements were performed with the applied current in the 
(001) plane. The temperature dependence of the resistivity of the bulk single crystal 
and three nanoflake devices measured in zero field are shown in Fig. 1(a) and Fig. 
1(b), respectively. The 102 μm thick bulk crystal shows semiconductor behavior in 
the measured temperature regime and reaches a saturation behavior when T < 40 K, 
which is due to the increasing transport contribution from surface37, 38. The resistivity 
at 10 K is more than 200 times larger than that at room temperature. Although the 
nanoflake device also shows the semiconductor behavior in the high temperature 
range, the transport characteristics transfer to a metallic type when T < 150 K. It 
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should be noted from Fig. 1(a) and 1(b) that the resistivity of nanoflakes are 
hundred-times smaller than that of the bulk single crystal although the nanoflake is 
exfoliated from the bulk crystal used in the transport measurement (Fig. 1(a)). We 
have measured the sizes and R (T) curves of 10 nanoflake devices. As shown in the 
inset of Fig. 1(b), the resistivity of nanoflake devices at 10 K decreases with 
decreasing sample thickness. From the systematic decrease of resistivity with 
decreasing sample thickness and the energy-dispersive X-ray spectroscopy (EDS) as 
shown in supplementary information, we can conclude that the dramatic decrease of 
resistivity in nanoflake device is not due to chemical inhomogeneity. As the material 
system has already been proved to be a topological insulator36, 37, the dramatic 
decrease of resistivity with decreasing sample thickness in nanoflake devices indicates 
that the contribution from the surface states plays a more and more important role as 
the thickness reduces. Suppose the total thickness of the two surface states is 5 nm, 
we use a simple model (supplementary information) to fit the resistivity of the surface 
states and bulk. The formula is shown below, 
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where ρ, ρb, ρs, tb, ts, are resistivity of the device, the resistivity of the bulk part, the 
resistivity of 5 nm thick surface states, the thickness of the bulk, and the thickness of 
the surface state (5nm), respectively. The fitting curve is shown as the red line in Fig. 
S2 and the inset of Fig. 1(b), which yields ρb = 8.55 Ω⋅ cm and ρs = 2.27 ×  10-3 
Ω⋅ cm. For a device of 200 nm thick, the conductance contribution of the surface 
states is 98.9% at 10 K. As shown in the inset of Fig. 1(a), the Hall measurement of 
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the single crystal is also fitted using a standard two-band model32, 38 (details in 
supplementary information), 
2)/()/(
)/()/()( 2222
22222
tnnBtnn
tnnBtnn
e
BB
sbsbssbb
sbsbssbb
xy +++
+++−= μμμμ
μμμμρ     (2) 
where ρxy, B, nb, ns, μb, μs, and t are the Hall resistivity, magnetic field, bulk charge 
density, surface charge density, bulk mobility, surface mobility, and sample thickness, 
respectively. The fitting yields nb = 1.1×1017 cm3,  ns = 2.5×1012 cm2, μb = 25 cm2/V 
s, μs = 1767 cm2/V s. Based on the fitting results, the surface conductance 
contribution of a 200 nm thickness sample is 98.7%, which agrees well with the 
results obtained from resistance measurements. 
If the electron transport is mainly due to the topological surface transport, we 
should be able to observe the ambipolar electric effect even in devices fabricated with 
hundred-nanometer thick BSTS nanoflake, which is indeed the case in our 
experiments. Fig. 2 shows the gate-voltage dependence of longitudinal resistance (Rxx) 
without applied magnetic field and Hall resistance (Rxy) at 1 Tesla magnetic field of a 
172 nm thick device. To eliminate any possible non-symmetry effect of the sample 
and electrode contacts, all the Hall resistances were obtained from low field Hall 
measurement with magnetic field scanning from -1 Tesla to 1 Tesla. As the sample is 
172 nm thick, the electrostatic gating can only shift the Fermi level of the bottom 
surface. The key finding is the resistance maxima appears near Vg = -10 V. The 
resistance change near 35% with ± 60V applied gate voltage. The quite sharp neutron 
point at 2 K and the gradual decrease of resistance with Vg deviating from the neutron 
point indicate that the ambipolar behavior should be due to the Dirac cone of the 
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topological surface state, which has been observed by ARPES36. If it was due to the 
normal band banding, there would be a wide constant resistance region when the 
Fermi level in the band gap and much dramatic resistance decrease when the Fermi 
level enters into conduction or valence band. The Hall resistance also changes with 
applied gate voltage as shown in Fig. 2(a), which further confirms the ambipolar 
electric gating effect in this device. From the measured Hall resistance RH (150 Ω/T at 
2 K), if we neglect the Hall contribution from the bulk, the charge density can be 
estimated to be about 4.2 ×  1012 cm-2 (bottom + top), which approximately agrees 
with the bulk Hall fitting results as aforementioned. For a 300 nm SiO2 dielectric layer, 
a gate voltage of 60 volts can induces n = 4.4 ×1012 cm-2, therefore the 300 nm SiO2 
dielectric layer should be able to generate ~50% resistance change because we can 
only tune the bottom surface. However, considering the 176 nm thick side surface of 
the devices, which can contribute ~5 - 10% surface conductance contribution, and the 
small amount of charge from the bulk, it is very reasonable that we only get 30 - 40 % 
resistance change.  It should be pointed out that we have observed similar ambipolar 
behavior in many devices fabricated with several hundred nanometer thick BSTS. The 
results of several devices are shown in the supplementary information. Fig. 2(b) 
shows the gate voltage dependence of resistance at various temperatures. It is 
observed that the shape of the R(Vg) curves become more broad with increasing 
temperature, which is a standard ambipolar behavior as shown in graphene40. It also 
agrees well with the deceasing surface conductance contribution with increasing 
temperature. The shift of resistance peaks with increasing temperature indicates the 
8 
 
shift of chemical potential of the bottom surface with increasing temperature. 
To further confirm the surface dominated electron transport in the nanoflake 
device, we have performed the angle-dependent magnetoresistance measurements 
using a very thick nanoflake device (596 nm, Fig. S6 in supplementary information). 
To eliminate any effect from Hall resistance, all the magnetoresistance measurements 
were performed from -2 Tesla to 2 Tesla and carried out corresponding calculation 
process to obtain intrinsic magnetoresistance. The magnetoresistance was measured 
by tilting the bulk crystal and nanoflake device with respect to the applied magnetic 
field from 0o to 90º. θ = 0o means the magnetic field parallel to the (001) surface 
while the θ = 90o means the magnetic field perpendicular to the (001) surface. Fig. 3(a) 
and 3(b) show the field dependence of magnetoconductances )0()( GBGG −=Δ with 
various θ for the bulk single crystal and nanoflake device at 2 K, respectively. Both 
the bulk crystal and nanodevice show weak antilocalization behavior in the low 
magnetic field region. Such a weak antilocalization at low temperature has been 
attributed to both strong spin-orbital coupling and topological π Berry phase of two 
dimensional surface states41. It is very obvious that ΔG decreases with decreasing θ 
for both bulk single crystal and nanoflake device and it is more pronounced for the 
nanoflake device. The variation of magnetoconductance as a function of the 
perpendicular component of the magnetic field for the bulk single crystal and 
nanoflake device at 2 K, are shown in Fig. 3(c) and 3(d), respectively. The G vs. 
θsinB  (the perpendicular component of the applied field) curves of the nanoflake 
device are perfectly merged into one universal curve. It should be noticed that a 
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misalignment between the sample and applied magnetic field has a large effect when 
the θ is near 0 while it has a negligible effect when θ is a large value, which can be 
inferred from the small different between the θ = 80o and θ = 90o curves and the large 
difference between θ = 0o and θ = 5o curves. Based on this, we speculate that the very 
small magnetoconductance at θ = 0 may be due to the small unavoidable 
misalignment between the sample and the applied magnetic field in experiment. 
Therefore, the perfect fitting into a universal curve for all θ value (except θ = 0) as 
shown in Fig. 3(d) is a support of the conclusion obtained from the resistivity and Hall 
measurements, surface dominated transport (96.9% in a 596 nm device). For the bulk 
single crystal, it is not a surprise that the weak antilocalization is observed for all the 
angles and G vs. θsinB  curve cannot be fitted to one universal curve because of the 
coexistence of both the bulk spin-orbit coupling effects and helical surface state 
contribution.  
Magnetoconductances GΔ at different temperatures (2 K, 4 K, 7 K, 10 K, 15 K, 
35 K, and 45 K) have been obtained in a magnetic field perpendicular to the (001) 
plane (θ = 90o), as shown in Fig. 4(a) and 4(b) for bulk single crystal and nanoflake 
device , respectively. The Hikami-Larkin-Nagaoka (HLN) formula  
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is used to fit the magnetoconductance observed in both bulk and nanoflake device, 
where Δσ2D is the two dimensional conductivity ( W
LG
D
⋅Δ=Δ 2σ , L and W are the 
length and width of transport channel, respectively), Ψ  is the digamma function , Lϕ  
is the phase coherence length, and α is a prefactor which contains information about 
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the nature of the electrons in topological insulators42. The fitted curves are plotted in 
Fig. 4(a) and 4(b) in solid lines. Due to the three dimensional bulk contribution, the 
fitting curves do not agree well with experimental data for bulk single crystal samples. 
For the nanoflake device, the two dimensional fitting curves agree very well with the 
experimental data for both fitting range from 0 to 2 Tesla and from 0 to 0.5 Tesla at all 
temperatures from 2 K to 45 K. The fitting results of α and Lϕ  of nanoflake device in 
both fitting ranges are shown in Fig. 4(c) and 4(d) respectively. It is clear that similar 
results are obtained from different fitting ranges. The power law fit gives 
47.0−∝ TLϕ (2 Tesla) and 44.0−∝ TLϕ (0.5 Tesla), which indicates the two-dimensional 
transport characteristics of the device43. It should be noted that the fitted ϕL  at all 
temperatures are much smaller than the thickness of the sample (596 nm), which 
strongly indicates that the two dimensional electron transport characteristics are due 
to the surface states. From this point of view, our experiment is very different from 
previous measurements on ultra-thin Bi2Se3 and Bi2Te3 films. The two dimensional 
transport behavior in ultra-thin Bi2Se3 and Bi2Te3 films cannot be completely 
attributed to the surface states, because the ϕL  is larger than the thickness of the film 
and therefore the film itself, including the bulk and surface states, forms a two 
dimensional transport system. Since the thickness (596 nm) of our nanoflake BSTS 
device is much larger than ϕL ( ~180 nm at 2 K, ~110 nm at 10 K, and ~60 nm at 30 
K), it is a three dimensional transport system. The two dimensional transport behavior 
of weak antilocalization can only originate from the helical surface states. The 
coefficient α takes a value of -1/2 for a traditional 2D electron system with strong 
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spin-orbit coupling and one helical surface with a single Dirac cone. Since carriers on 
both up and bottom surface can contribute the conduction in topological insulator 
samples, the ideal value of α is -1. As shown in Fig. 4(c), the perfect fitting using 
HLN formula generates α values between -0.7 to -0.8 at various temperatures, which 
also supports the 2D surface transport. 
In conclusion, we demonstrate surface dominated transport in single crystalline 
nanoflake devices of topological insulator BSTS. The resistivity and Hall analysis 
based on a two-channel model indicates that ~99% of the surface transport 
contribution can be realized in 200 nm thick BSTS devices. The pronounced electric 
gated ambipolar behavior proves the topological surface transport. Moreover, the 
angle and temperature dependent weak antilocalization effect of bulk single crystals 
and nanoflake devices strongly suggest the surface dominated transport in nanoflake 
device, which is further confirmed by the fact that the phase coherence length Lϕ 
obtained by 2D HNL fitting is much smaller than the thickness of device. 
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The two-channel model, synthesis and characterization of BSTS single crystal, 
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Figure captions: 
Figure 1. Temperature dependence of resistivity in zero field of (a) bulk single crystal 
with a thickness of 102 μm and (b) nanoflake devices with various thicknesses. The 
inset of (a) shows the Hall measurement results of the 102 μm thick BSTS single crystal 
and the fitting (the red curve) based on a two-channel model. The inset of (b) shows the 
resistivity values of nanoflake devices with various thicknesses. The red line is the 
fitting curve based on the two-channel model. 
 
Figure 2. (a) The gate voltage dependence of resistance (Rxx) and Hall resistance (Rxy) 
at 1 Tesla filed of a BSTS nanoflake device at 2 K. (b) The temperature evolution of the 
Rxx(Vg) curve. 
 
Figure 3. Angle-dependent conductance of a bulk BSTS single crystal and a 
nanodevice fabricated with a 596 nm thick BSTS flake. θ is the angle between the 
direction of the magnetic field and the current flow plane. (a) and (b) show the 
magnetoconductance of bulk BSTS single crystal and nanoflake device at 2 K,  
respectively. (c) and (d) show the curves of magnetoconductance vs. the perpendicular 
component of the magnetic field of bulk BSTS single crystal and  nanoflake device at 
2 K, respectively. 
 
Figure 4. Temperature-dependent magnetoconductance of the BSTS single crystal and 
596 nm thick nanoflake device with θ = 90º. (a) Magnetoconductance of the bulk single 
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crystal at different temperatures. The HNL fitting curves are plotted in solid lines. (b) 
Magnetoconductance of the nanoflake device at different temperatures. The HNL 
fitting curves are plotted in solid lines.  (c) The fitted values of α at different 
temperatures for the nanoflake device in the fitting range of 0 - 2 Tesla and 0 - 0.5 Tesla, 
respectively. (d) The fitted values of Lϕ   at different temperatures of the nanoflake 
device in the fitting range of 0 - 2 Tesla and 0 - 0.5 Tesla, respectively. The fitting 
values follow the power law of temperature T-0.47 and T-0.43, respectively 
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Figure 4 
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Supplementary information 
I. Two-channel model for calculating the sample resistivity 
 To calculate the thickness dependence of the resistivity of BSTS single crystal, a simple two-
channel model is utilized. 
 
 
 
 
 
 
  
Fig. S1. Schematic diagram of a two-channel model for resistivity of BSTS nanoflake device. 
Rb, Rs, ρb, ρs, l, w, tb, ts = 0.5 nm are the bulk resistance, surface resistance, bulk resistivity, 
surface resistivity, sample length, sample width, the thickness of the bulk channel, the thickness 
of the surface channel, respectively. 
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To accurately determine the thickness and width of the nanoflake devices, atomic force 
microscopy (AFM) and scanning electron microscopy (SEM) were used, respectively. The 
microscopy was performed after the transport measurements. 
 
  
 
 
 
 
 
 
Fig. S2. The zoom-in of the inset of Fig. 1(b). 
As stated in the paper, the fitting yields ρb = 8.55 Ω⋅ cm and ρs = 2.27 ×  10-3 Ω⋅ cm. The linear 
scale zoom-in figure for nanodevices (thickness < 600 nm) is shown Fig. S2. 
The conductance contribution of the surface state can be easily calculated as  
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Suppose tb = 200 nm, ts =5 nm, the surface contribution can be easily calculated. The value is 
98.9% if ρb = 8.55 Ω⋅ cm and ρs = 2.27 ×  10-3 Ω⋅ cm. 
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II. Two-channel model for calculating Hall effect, 
We use Drude model  τ
υυυ
KKKKK mBEe
dt
dm −×+−= ])[( ,    (S7) 
υKK nej = .       (S8) 
At steady state   τ
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For more than one channel transport,  
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We obtain   
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Using    1ˆˆ −= σρ ,       (S18) 
For a two-channel system, we obtain    
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The formula is for two three-dimensional transport channel. If channel 2 is a two dimensional 
transport channel (thickness = 0), the formula should be written as  
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which is the Eq. (2) in the main text. Here, t is the sample thickness. 
Eq. S18 is clear for understanding physics concept. However, nb, ns, μb, and μs are very large 
numbers, it is difficult to use Eq. S18 for curve fitting. By using Eq. S14 or derive from Eq. S12 
directly, we transfer Eq. S18 to another equation, 
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22222
)()(
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ρρρ .  (S21) 
Here, Rb and ρb are the Hall coefficient and resistivity of the bulk electrons. ss entR /= and 
,/ tsheets ρρ = where ρsheet is the surface sheet resistance . 
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III. Single crystal growth and characterization 
High quality BSTS single crystals were grown using modified Bridgeman methods. High 
purity (99.9999%)  Bi, Sb, Te, and Se with a molar ratio of 1.5:0.5:1.8:1.2 were first thoroughly 
mixed and then reacted at 950oC for 1 week in an evacuated quartz tube in a box furnace.  We 
then located the quartz tube vertically in a specially designed furnace with large temperature 
gradient. The temperature is then decreased to room temperature over 3 weeks, with different 
cooling speed in different temperature regions. The obtained crystals are easily cleaved and 
revealed a flat and big shiny surface as shown in the inset of Fig. S4(a).  
 
 
 
 
Fig. S3.  A schematic diagram of an as grown single crystal. 
As shown in Fig. S3, an as grown single crystal is a cylinder with ~0.7 cm2 (the cross section 
area) ×  2 cm (height). Large cleaved crystals can be cut from different positions of the crystal.  
The X-ray diffraction pattern indicates the high quality of our samples. Fig. S4(a) shows the 
wide angle x-ray diffraction from a bulk crystal oriented with the scattering vector perpendicular 
to the (001) family of planes.  No peaks from other plane families can be observed. It should be 
noted that the count of the (006) peak is larger than 300 k. Only high quality single crystals can 
get to this value in XRD facility. The inset of Fig. S4(a) shows the large and shining (001) 
surface of  the single crystal. 
Energy dispersive X-ray spectroscopy (EDS) was employed to probe the homogeneity of the 
samples. The small area EDS mapping as shown in Fig. S4(b) indicates the element distribution 
in a small area is homogeneous. We also performed the EDS measurements at various points of 
the bulk single crystal used in our measurements. As shown in Fig. S4(c), the molar ratio of the 4 
elements at various points of the big crystal only shows small fluctuations in the ~8 mm ×  8 mm 
single crystal, which means a large crystal cut from one position (the meaning of position is 
position 1 
Position 2 
Position 3 
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shown in Fig. S3) is quite homogeneous. Small crystals cut from this 8mm × 8mm big crystal 
show very similiar transport behaviors. 
 
 
 
 
 
 
 
 
 
Fig. S4. Summary of structural characterization. (a) shows the wide angle x-ray diffraction from 
a bulk crystal oriented with the scattering vector perpendicular to the (100) family of planes. 
Inset is a photograph of a typical crystal. (b) The EDS mapping of a small area in a BSTS single 
crystal. (c)  Molar ratio of Bi, Sb, Te, and Se at ten random positions in a big crystal like the one 
shown in the inset of (a). (d) A typical EDS spectroscopy.  
 
The molar ratio of (Bi+Sb)/(Se+Te) and Bi/Sb in crystals cut from different positions (Fig. 
S3) of the crystal cylinder shows near-constant molar ratios of 2/3 and 3/1, respectively, while 
the Te/Se ratio changes from ~1.7/1.3 to ~1.9/1.1 for crystals obtained from different positions. 
Transport measurements show that, although the molar ratio of Te/Se varies with position as 
shown in Fig. S3, all the crystals show similar semiconducting ρ (T) curve at high temperature 
and saturation behavior at low temperature and large resistivty (>1 Ωcm)  at 10 K.  The value of 
ρ(10 K)/ρ(300K) can vary from 30 to 250. This characteristic of BSTS is very different from the 
condition of grown Bi2Te3 single crystals. Bi2Te3 single crystals obtained from different part of 
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the cylinder usually show different transport behaviors, from metallic to semiconducting. We 
choose BSTS crystals with ρ(10 K)/ρ(300 K) > 100 and ρ(10 K) > 3 Ω⋅cm for our experiments. 
Combining the EDS results and the systematic decrease of the resistivity of nanoflake 
devices with decreasing thickness (the inset of Fig. 1(b) and Fig. S2), we can conclude that the 
resistivity change with thickness is not due to chemical inhomogeneity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8 
 
IV. Typical devices used for measurements. 
All the devices were fabricated using mechanically exfoliated BSTS single crystal nanoflakes. 
The thickness of the nanoflakes varies from ~50 nm to ~600 nm. Standard photolithography 
technique was employed in the devices fabrication. Cr/Au contacts were deposited using a high 
vacuum sputtering system with a base pressure of 1 ×  10-8 Torr. 
 
 
 
 
 
 
Fig. S5, Image of a typical electric gating devices for resistance and Hall resistance 
measurements 
 
 
 
 
 
Fig. S6. Image of s typical device for weak antilocalization, angle dependent magnetoresistance, 
and universal fluctuation conductance measurements. Fig. 3 and Fig. 4 are the measurement 
results of this device. The thickness of the nanoflake used in this device is 596 nm. There are 
four steps from the bottom to the top in the circled region. The thickness of the sample is the 
total height of the four steps as shown in the AFM image. 
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V. Time-dependent universal conductance fluctuation 
We also observed a novel conductance fluctuation phenomenon in the nanoflake device 
under both low and high magnetic fields. The low magnetic field conductance fluctuation is very 
clear as shown in Fig. 3(b) and 3(f). Fig. S7(a) shows the conductance fluctuations at different 
temperatures below 10 K and between 4 and 9 Tesla perpendicular fields. Different from normal 
universal conductance fluctuations (UCF) discovered in topological insulator Bi2Se3 [22, 31], the 
conductance fluctuation in our nanoflake device evolves with time. Such time-dependent UCF 
can only be observed below 10 K and the magnitude of those fluctuations increases with 
decreasing temperature. The top 3 curves shown in Fig. S7(a) were measured continuously with 
different field sweeping direction. As shown in the circled region in the figure, the curves show 
very similar fluctuation behaviors in the same magnetic field region because the time interval 
between the measurements is short. With the time evolution, the fluctuation patterns become 
different in the same magnetic field region. Time-dependent UCF is due to the sensitivity of the 
conductance to the motion of individual scatters and such phenomena have been reported. The 
variation of conductance pattern is due to the motion of scattering sites which changes the 
interference pattern of all the intersecting electronic paths in the coherent volume of the 
scattering sites. Since the motion of scattering sites is related to the time, the observed 
fluctuations are also time-dependent which allows the non-retraceable results. As the electron 
transport in the nanoflake is almost fully surface transport as discussed before, the motion of the 
scattering site might be due to the time dependent surface contamination in the measurement 
chamber. Each magnetoresistancecurve from 4 to 9 Tesla takes about 1 hour. According to the 
results, we can conclude that the scattering site pattern on the topological surface changes after 
about 30 minutes. 
 The amplitude of fluctuation detected is around 0.2e2/h. The phase coherence length of 
electron Lϕ observed at 2 K is ~0.18 μm (Fig. 4) and the thermal length, TkhDL BT /=  is 
around 1μm at 2 K. As LLL T <<ϕ , the fluctuation of G can be calculated as 
dLLheG −= 42 ]/[/ ϕδ , where L is the sample size. The calculated Gδ  is 0.3e2/h which is quite 
close to our experiment data 0.2e2/h at 2 K. Furthermore, the root-mean-square (rms) of Gδ  vs. 
temperature curve is also plotted as shown in Fig. S7(b). The rms of Gδ  is usually following the 
10 
 
power law 0.5rms G Tδ −∝  for two dimensional system. Our fitting shows 0.43rms G Tδ −∝ , which 
also indicates that the time-dependent UCF observed in the BSTS device sample is mainly from 
the surface states.  
 
 
 
 
 
 
 
 
 
Fig. S7. (a) Magnetofingerprint (UCF) signal δR vs magnetic field for the nanoflake device. At 2 
K, we scan the field for three times with alternative field sweeping direction (the arrows). Seven 
UCF curves measured at temperatures between 2 K to 10 K were shown in the figures. (b) 
Temperature dependence of root mean square of the fluctuation of conductance. The solid line is 
the fitting curve using power law and the fitted power is -0.43. 
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VI. More results for gated transport measurements and weak antilocalization measurements 
 
 
 
 
 
 
 
Fig. S8. (a) The Rxx(Vg) curves of a BSTS nanoflake devices at various temperatures. The 
devices had been stored in vacuum for 2 months. The peak shifts to -80 volts. (b) The low field 
Hall resistance of the device. 
 
 
 
 
 
 
Fig S9. (a) The Rxx(Vg) curves of a 212 nm thickness BSTS nanoflake devices at 2 K. (b) The 
Rxx(T) curve of the device. 
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Fig. S10. (a) The Rxx(Vg) curves of a 142 nm thickness BSTS nanoflake devices at 2 K. (b) The 
Rxx(T) curve of the device. 
 
 
 
 
 
 
Fig. S11. (a) The weak antilocalization curves of a 198 nm thick devices fitted to a universal 
curve when the x axis is the perpendicular part of the magnetic field. (b) The weak 
antilocalization curve of the device at various temperatures. 
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